Background: The objective of this study was to examine the knowledge and practices regarding expired medications and to identify their potential predictors. Methods: A cross-sectional study was conducted, between August and November of 2014 in Regional Community Primary Health Care centre in Serbia on 609 patients. The research instrument was the questionnaire. Univariate and multivariate logistic regression analyses were applied. Results: The lack of knowledge about the treatment of expired medications had 67.5% respondents, while 87.3% of the respondents had inappropriate practice. In the model of multivariate logistic regression with lack of knowledge as dependent variable, statistically significant predictors were: unemployment (OR=2.21; 95%CI: 1.35-3.59), lower economic status (OR=1.67; 95% CI: 1.01-2.58), unread instructions for use (OR=3.26; 95% CI: 1.51-7.02), unchecked medications' expiration date (OR=3.30; 95% CI: 1.22-8.92). In the second model of multivariate logistic regression with inappropriate practice as dependant variable, statistically significant predictors were: the lower education level (OR=1.75; 95% CI: 1.09-2.80), unemployment (OR=2.66; 95% CI: 1.17-6.05), families with members incapable of taking care of their medicines independently (OR=0.27; 95% CI: 0.12-0.61) and lack of knowledge (OR=4.09; 95% CI: 2.31-7.23). Conclusion: Our study shows that there is a need for stronger control of the implementation of legally defined procedures for disposal of medications, as well as a proactive education of population about proper disposal of medications.
INTRODUCTION
Storing the expired medications in homes is nothing unusual. 1, 2 The quantity of such medications is approximately 0.28 kg per person. 3 There are two main reasons why people store the medications at their homes. One of them is self-medication 4 and the other is involuntary hoarding of medications, which often leads to the storage of medications after the expiration period. Self-medication can be seriously harmful and even fatal as it has potential to delay visits to the health professionals. 4, 5 On the other hand, involuntary hoarding of medications is practical storage of them, as the person look for the appropriate place for disposal, required by the law. 6 Storing of non-used medications increases the risk of wide spectrum of possible problems: misuse, 7 adverse drug reactions, overdose or accidental poisoning. 2, 5, 8 Additionally, signifi-cant number of patients discard these medications into environment, which has a negative consequences for both environment and people's health. 9, 10 Some researchers showed that the medications stored in homes are kept in inadequate places, 11 and unused medications are inappropriately disposed. 12 Liquid medications are often rinsed down the sink, as opposed to solid tablets and capsules which are thrown into the trash bin. 13 The studies of knowledge, attitudes and practices regarding the proper storage and disposal of unused medications are not common. 14 There is confusion about "proper" way for disposal of expired medications, as many countries have not defined standards and protocols for it. The situation becomes complicated if pharmacies refuse or do not support undertaking of unused medications 12, 15 or they apply unacceptable practices, like spilling it into the sink. 16 As of 2008, Serbia has several regulations and recommendations providing a good basis for the appropriate waste management. According to the Law for the Waste Control, 2010 and the national guidelines for safe control of the medical waste, medical waste includes the municipal waste from the patients' households and pharmaceutical waste. 17 These are complemented by Regulations for managing the medical waste 18 and by recommendations 19 which arise from the project "Technical support for the treatment of medical waste in Serbia". Pharmacies, state or private, established as health institutions are obliged to accept pharmaceutical waste and unused medications and to provide containers for that purpose, free of charge and for all citizens.
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This regulation is defined in a way that there is a space for different interpretations. For example, the existence of containers in clearly defined areas in pharmacy is defined, but it is unclear whether it is available for citizens or for the employees only. This creates confusion even for the informed citizens and disables the further spread of knowledge on what practices are appropriate relating the disposal of unused medications. Before this research, there was only one study on this subject, conducted in Serbia, in the South Backa District. Its objectives were to investigate the storage and disposal practices for medications and differences in medications' disposal behaviour between the urban and rural population. 20 This research showed that almost 90% of participants disposed their expired medications into the trash or into the toilet, although most of them agreed that this practice is detrimental to the environment.
Research objective
In spite of the existing legislative frame, although with insufficient implementation, practices regarding medications that are expired remain unclear, so the objective of this study was to examine the knowledge and practices regarding expired medications and to identify factors associated with it.
MATERIALS AND METHODS
Research was designed as the cross-sectional study of knowledge and practices of patients in the outpatient care. It was conducted in 59 general practitioners (GP) offices at the Regional Community Primary Healthcare Centre Pancevo in the period from August to November 2014. Out of 671 patients who visited their chosen GP on a day of research, 46 did not give their consent to participate and 16 did not meet the criteria for the participation in research. Criteria for inclusion in the study were the following: adult patients (18 years and older), good general health condition based on physician's assessment and ability to understand and self-administer the questionnaire. The total number of respondents included in research was 609.
The research instrument
The research instrument was the questionnaire created on the basis of questionnaires used in similar researches. 16, 21 The questionnaire consisted of 58 questions divided into two sections. The first section, with 10 questions, referred to socio-demographic and socio-economic characteristics: gender, age, marital status, years of education, employment status (employed, unemployed, retired), residence (urban, rural) and the self-rated economic status of the family (good, average or poor). This section also included questions on family characteristics: number of family members, having children younger than seven years ('Do you have children under the age of 7 living in your household?', Yes/No), individuals who were not capable to take care of their therapy independently ('Do you have family member who is not capable of taking care of his/ her therapy independently?', Yes/No). Based on the reported number of family members, the variable 'number of family members was transformed into binary variable: living alone vs. living with family. The second section, with 48 questions, referred to the existence of chronic or acute diseases (Yes/No), the way and the place the medications are being kept in home ('How do you store your medications' plastic bag/ Bring them back to the pharmacy or to the healthcare centre, f) Others. The correct answer to these three questions was the one under (e). Pre-testing of questionnaire was conducted on 10 respondents, to assure that questions are understandable and logic, that completing the questionnaire takes 20 min on average. Test -retest was conducted two weeks after and kappa coefficient as the measure of agreement between items was 0.8 or higher.
Ethic approval
The Ethics Committee of the Primary Healthcare Centre Pancevo gave its approval for conducting the research, in accordance to the Article 33 of Healthcare Centre Statute. Respondents were informed about the protection of privacy and the possibility to recede at any time. Confidentiality and anonymity of the data were guaranteed. The verbal consent was obtained from respondents.
Variables included in research
The data analysis included: variables relating to sociodemographic, socio-economic and family characteristics of the respondents (age, sex, marital status, years of education, employment status and place of residence, living alone or with family, having children under the age of 7, having family member incapable of taking care of their own medicines), variables relating to the use of medications for chronic and acute diseases, storage of medications which are not used (the term "medications that are not used" refers to the possession of unused medications or to the expired ones) and reading the instructions for the use and checking the expiration date of medications. Finally, the 2 dependent variables were related to lack of knowledge and inappropriate practices. Dependent variable the lack of knowledge was obtained on the basis of wrong answers to any of the questions relating to the assessment of knowledge about expired medications (effects of medications after the expiration date, best place for the collection of expired medications, effects on the environment). Dependent variable-inappropriate practices, was obtained on the basis of answers to any question regarding the practices about expired medications (practices of disposal of medications in solid, liquid or semisolid form).
Statistical analysis
Data analysis was done with methods of descriptive and analytical statistics. Association between the dependent variables and potential predictors was analysed by univariate logistic regression models. Independent variables which were significant in univariate models of logistic regression were used as the inde-Medications were in 296 cases (48.6%) supplied upon the doctor's advice/receipt, but 98 respondents (16.1%) got them on their own initiative. Reasons for keeping the unused medications were: leftover from the previous treatment (40.9%), accumulation for the future use (28.0%), expired medications (11.9%), use by other family members (16.6%) and other reasons (2.6%). Lack of knowledge about the treatment of expired medications had 390 (67.5%) respondents, while inappropriate practice had 500 (87.3%) respondents. Inappropriate practice with expired medications had 73.9% participants with knowledge and 94.0% without it, which was statistically significant difference (p<0.001). Expired medications were most frequently thrown out in the trash (52.2%) while 16.2% was brought back to the pharmacy. Respondents with adequate knowledge less frequently threw the medications out in the trash versus respondents with lack of it: medications in solid form (45.1% vs 61.1%, respectively), in liquid form (35.8% vs 47.8%, respectively) and in semisolid form (50.0% vs 62.7%, respectively). Participants with adequate knowledge more often bring back the medications to the pharmacy compared with the ones with lack of it: medications in solid form (35.7% vs 9.5%), in liquid form (33.0% vs 7.0%) and in semisolid form (30.1% vs 6%). There is statistically significant difference in frequency of disposal practice of solid (p<0.001), liquid (p<0.001) and semisolid (p<0.001) forms of expired medications between the respondents with and without the adequate knowledge. Figure 1 shows the frequent practice relating to the knowledge about expired medications. Univariate and multivariate logistic regression with lack of knowledge about the treatment of expired medications as dependent variable are shown in Table 2 . In univariate logistic models, 6 out of 15 variables relating to the socio-demographic characteristics of the respondents, the presence of acute or chronic disease and the practice regarding the medications (possession of the pendent variables in the multivariate logistic regression models. The variable, the lack of knowledge was used as predictor, in the regression model of inadequate practice. Statistical data analysis was performed using IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA)
RESULTS
Socio-demographic characteristics of 609 respondents are shown in Table 1 . Medications for chronic diseases were used by 346 (56.8%) and for acute diseases by 201 (33.0%) respondents. Unused medications were in possession of 381 (65.6%) respondents. The instructions for use were read by 509 (84.4%) and the expiration date was checked by 541 (89.6%) respondents. Participants mainly have one place to keep their medications in the house (69%) and in a closed space (69.9%). Medications were stored in a box (49.0%) or a drawer (35.3%), in the living room (35.6%), bedroom (24.3%) or kitchen (21.4%). This sort of a household pharmacy was not locked in 94.8% of the cases and it was easily accessible to children (24.6%) or to the individuals who were not capable of taking care of their medications independently (31.0%). 
DISCUSSION
Study examines the knowledge and practices regarding disposal of expired medications and the possible predictors of knowledge and practices in a sample of 609 respondents in Health Centre Pancevo. Pancevo was chosen because of the fact that it is marked on domestic and foreign maps of Environmental Protection as the black point. 22 Also, this is the first town in Serbia which had the local strategy for public health, developed within the project The Health of community -development and implementation of local strategies for public health. 21 Now it has the strategic city development plan for the period 2014-2020. 23 In our study 2/3 of the respondents have medications that are unused, similarly to research in New Zealand, 7 while this percentage in Ireland is higher and is almost 90%. 15 Also, in our research, the respondents throw out to trash 50% of unused or expired medications. This practice is similar to practice of some other populations but from 10-20 years ago. In 1996 in Canada, 54% of unused medications were disposed in trash and 35.4% were flushed down the toilette or rinsed down a sink.
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In six years, Canada succeeded in reducing inappropriate disposal practice, to 50% of the medications thrown out to trash and 19% flushed down a toilette or sink.
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Further research from 2005, showed that 1/4 of the Canadian households had unused medications and 20% to 70% of them throw medications into sewage or trash or even bury them instead of bringing them back to the pharmacy. 26 The similar situation was in: USA, where a half of unused medications were thrown into sewage and 22.9% were brought back to the pharmacy, 27 in Kuwait, where 87.7% of respondents threw the medications to trash or spill them into the water, 28 United Kingdom and New Zealand.
7,12,15
On the contrary, Sweden has long tradition of returning the unused medications to pharmacies which dates back to 1971, while the European Union carried out a directive in 2004 that all member states have to ensure the appropriate collection systems for medications that are unused or expired. 29 In 2001 in Sweden 41% of respondents returned unused medications to the pharmacies and 7% threw them out in the trash. In recent research, the percentage of medications thrown out to trash is reduced (3%), while the percentage of the medications returned to the pharmacies increased (43%). 14 Lack of knowledge in our study was associated with: employment status and self-rated economic status, reading the instructions for use and checking the expiration date. Unemployed respondents had 2.21 times greater odds for the lack of knowledge regarding disposal of expired medications comparing to the employed. The respondents who did not read the instructions for use and those who did not check the expiration date had more than three times greater odds for lack of knowledge regarding disposal of expired medications. In our research, the most important predictor of improper disposal of expired medications was the lack of knowledge. Respondents with lack of knowledge had four times greater odds for inappropriate practices. In other studies, predictor for inappropriate disposal of unused medications was the presence of children under seven years in the family, [30] [31] [32] [33] which was not a significant predictor in our study. In our research, the important predictor was the family members who were not capable of taking care of their medications independently. These families had 2/3 less likelihood for inappropriate practices, which was, probably, the result of the higher responsibility relating the use of the medications. Respondents with lack of knowledge, in our study threw out the expired medications more often into trash or rinse them down the sink, than returning them to the pharmacy or to the health centre. Although respondents may be aware of the legal regulations about appropriate disposal of unused medications and about the adequate place for their collection they can ignore them 34 in Sweden, 85% of respondents knew that unused medications should be returned to the pharmacy and 43% had done it within last year.
14 However, in our study 73.9% of well-informed respondents did not dispose the medications appropriately. Reason for this might be the lack of adequate containers for disposal; though its possession is regulated by the law.
19,35 Recent studies showed that the possible reason for the lack of information was non-existence of consensus about optimal disposal of unused medications. In the group of the respondents who knew where to dispose medications in the institution for collection or pharmacies, 25-30% of them respected it in comparison to 5-7% who had no information about the proper disposal. 36 Disposal of unused medications is becoming the growing problem for local communities and state administration from the aspect of environmental protection. 37 Appropriate disposal of expired medications can be conducted by joint action on several levels. On the state level, situation could be improved by providing conditions for implementation of existing legislation (placing containers for collecting the unused medications). The next level belongs to health professionals and proper and rational prescription of medications or education. This should aim to better inform the users of health services, since research have shown that 80% of respondents have never received any information about proper disposal of unused medications, neither from doctors or the media. 27, 37 On community level, actions should provide the information and raise awareness about the importance of proper disposal of medications through the media, which are of vital importance for informing the public. 7, 12, 14, 37 Information could also be available to users via posters or pamphlets placed in pharmacies or in health institutions. Limitations of this study relate to the town specifics so the results cannot be generalized to the whole Serbian population. Also, the possible limitation is the fact that it includes only the users of the primary healthcare service. Contribution of this study relates primarily to identification of predictors of knowledge and practices regarding expired medications and provision of basis for future researches. It also points out the necessity for clear formulations in the regulations for the proper disposal of expired medications and the control its implementation to reduce the harmful effects on health and ecology of the community caused by the medical waste.
CONCLUSION
Providing the safe disposal of unused medications is of high importance for the public health interest. In our study, the most important predictor of inappropriate practice toward expired medications is the lack of knowledge, contributed by unemployment, the lower economic status and omitting to read the instruction for use and to check expiration date. Inappropriate practices are affected by the lower educational level and inversely by the presence of family member who is not capable of taking care of his/her medicines independently.
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